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Abstract 

Purpose: The effect of the routine use of a stylet during tracheal intubation on first‑attempt intubation success is 
unclear. We hypothesised that the first‑attempt intubation success rate would be higher with tracheal tube + stylet 
than with tracheal tube alone.

Methods: In this multicentre randomised controlled trial, conducted in 32 intensive care units, we randomly 
assigned patients to tracheal tube + stylet or tracheal tube alone (i.e. without stylet). The primary outcome was the 
proportion of patients with first‑attempt intubation success. The secondary outcome was the proportion of patients 
with complications related to tracheal intubation. Serious adverse events, i.e., traumatic injuries related to tracheal 
intubation, were evaluated.

Results: A total of 999 patients were included in the modified intention‑to‑treat analysis: 501 (50%) to tracheal 
tube + stylet and 498 (50%) to tracheal tube alone. First‑attempt intubation success occurred in 392 patients (78.2%) 
in the tracheal tube + stylet group and in 356 (71.5%) in the tracheal tube alone group (absolute risk difference, 6.7; 
95%CI 1.4–12.1; relative risk, 1.10; 95%CI 1.02–1.18; P = 0.01). A total of 194 patients (38.7%) in the tracheal tube + sty‑
let group had complications related to tracheal intubation, as compared with 200 patients (40.2%) in the tracheal 
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Introduction

Acute respiratory failure is among the leading causes of 
intensive care unit (ICU) admission and tracheal intuba-
tion for invasive mechanical ventilation in adult patients 
[1]. The current coronavirus disease 2019 (COVID-19) 
pandemic has further highlighted the importance of 
understanding the best approach to providing tracheal 
intubation for critically ill patients [2, 3].

Complications related to tracheal intubation are higher 
in ICU than in operating room [4, 5] because of anatomi-
cal difficulty, physiological difficulty such as pre-existing 
hypoxia and haemodynamic instability and logistical dif-
ficulty. First-attempt intubation success [6, 7] is associ-
ated with reduced likelihood of complications related to 
tracheal intubation [1, 6] and reduce the time needed for 
intubation, thus reducing exposure time of the health-
care worker to potential pathogens. Various devices and 
strategies aiming at increasing first-attempt intubation 
success in critically ill patients and at decreasing the 
complications related to tracheal intubation have been 
assessed in recent times [6–9]. In 2019, a multicentre 
randomised trial [10] suggested that bag-mask ventila-
tion during tracheal intubation of critically ill adults 
prevented hypoxemia and reported a first-attempt intu-
bation success rate of 81%. A 60–85% of first-attempt 
intubation success rate and a 30– 60% complications rate 
observed across studies [1, 8, 10–12] highlight the impor-
tance of improving the safety and efficiency of tracheal 
intubation [13, 14].

The most widely used method for tracheal intubation 
in critically ill patients involves using an endotracheal 
tube alone [15]. Alternatively, an endotracheal tube with 
an intubating stylet has been proposed to facilitate tra-
cheal tube insertion, when difficulty is encountered in 
the passage of the endotracheal tube, with the aim of 
reducing complications [16]. Some authors suggested 
that using a preshaped tracheal tube with stylet may 
increase first-attempt intubation success [16]. However, 
some traumatic injuries with stylets have been reported 
including mucosal bleeding, perforation of the trachea 
or oesophagus and sore throat [16–18]. While intuba-
tion stylets have been used for decades in emergency 

airway management, the effect of the routine use of a 
stylet during tracheal intubation on first-attempt intu-
bation success is unclear [19–21]. Therefore, whether 
the systematic use of a stylet for first-attempt intubation 
in the ICU is of greater benefits to patients deserves 
investigation.

To determine the effect of using an intubating stylet 
on first-attempt intubation success during tracheal intu-
bation of critically ill adults, we conducted the STYLET 
for Orotracheal intubation (STYLETO) trial. We hypoth-
esized that, as compared with tracheal tube alone, the use 
of a stylet would significantly increase the first-attempt 
intubation success rate.

Material and methods
Study design
From October 1, 2019, to March 17, 2020, we conducted 
a multicentre, parallel-group, unblinded, pragmatic, ran-
domised trial comparing tracheal tube plus stylet with 
tracheal tube alone (i.e. without stylet) during tracheal 
intubation of critically ill adults. The trial was approved 
for all centres by a central Ethics Committee (Comité 
de Protection des Personnes Nord-Ouest, France, 2019-
A01180-57) according to French law. An informed con-
sent was required. The STYLETO trial was conducted in 
accordance with the declaration of Helsinki and was reg-
istered at http:// www. clini caltr ials. gov with trial identifi-
cation number NCT04079387 before the first inclusion 
in the trial. The protocol and statistical analysis plan were 
published before the conclusion of enrolment [22].

Patients
The trial was conducted in 32 ICUs in 30 university and 
2 non-university French hospitals, without any selection 

tube alone group (absolute risk difference, − 1.5; 95%CI − 7.5 to 4.6; relative risk, 0.96; 95%CI 0.83–1.12; P = 0.64). The 
incidence of serious adverse events was 4.0% and 3.6%, respectively (absolute risk difference, 0.4; 95%CI, − 2.0 to 2.8; 
relative risk, 1.10; 95%CI 0.59–2.06. P = 0.76).

Conclusions: Among critically ill adults undergoing tracheal intubation, using a stylet improves first‑attempt intuba‑
tion success.

Keywords: Acute respiratory failure, Airway, Complications, Critical care, Intensive care unit, Intubation, Stylet

Take‑home message 

In this randomized clinical trial that included 999 patients, the use of 
a stylet for tracheal intubation in critically ill adult patients resulted 
in significantly higher first‑attempt intubation success than the 
use of tracheal tube alone. The incidence of serious adverse events 
evaluated by the rate of traumatic injuries related to tracheal intuba‑
tion was similar in the two groups.

http://www.clinicaltrials.gov
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criteria. Patients were eligible for participation in the 
trial if they were older than 18  years of age, covered by 
public health insurance, provided written informed con-
sent from the patient or proxy (if present) before inclu-
sion or once possible when patient has been included in 
a context of emergency and require mechanical ventila-
tion in ICU through an endotracheal tube. Patients were 
excluded if they underwent a tracheal intubation follow-
ing a cardiac arrest or during the same ICU stay with pre-
vious inclusion in the study (electronic supplementary 
material).

Randomisation and blinding
Patients underwent central randomisation in a 1:1 ratio 
to receive either tracheal tube + stylet or tracheal tube 
alone in blocks of variable sizes, with the use of a com-
puter-generated and blinded assignment sequence, strati-
fied according to trial site.

The central randomization was electronic, obtained 
after connexion to a website and directly communicated 
via the website, without any need to contact the coordi-
nating centre. The randomisation was concealed using 
a method of minimisation [23]. Treatment assignments 
were concealed from patients, research staff and the 
statistician. The masking was done by asking to all the 
centres to collect data by the research staff not perform-
ing intubation, and therefore not aware of the group of 
assignment.

Procedures
The first attempt at laryngoscopy was performed with 
a standard Macintosh laryngoscope. In the tracheal 
tube + stylet group, the trachea was intubated with a 
tracheal tube + stylet with a straight-to-cuff stylet with a 
bend angle of 25° to 35° at the distal tip within the tra-
cheal tube [16]. In the tracheal tube alone group, the tra-
chea was intubated with a tracheal tube alone. The use 
of a stylet was not permitted in the tracheal tube alone 
group for first-attempt intubation (Figure S1 in the elec-
tronic supplementary material). All the tracheal intuba-
tions were performed under general anaesthesia.

Decisions regarding all other aspects of patient care 
during and after intubation, including the types of laryn-
goscope blade and tracheal tube, the choice and dosing 
of hypnotic and neuromuscular blocking agents and bag-
mask ventilation between induction and laryngoscopy, 
were at the discretion of attending physicians according 
to local expertise and clinical practice. To avoid extremes 
of practice, general measures during intubation were 
recommended. Head-up position was recommended. 
The Montpellier intubation protocol [24] was strongly 
advised to be followed for each procedure. Briefly, this 
includes, before intubation was performed: fluid loading 

in absence of cardiogenic oedema and early introduction 
of vasopressors, preoxygenation with noninvasive venti-
lation with or without high-flow nasal cannula oxygen for 
apnoeic oxygenation in the case of acute respiratory fail-
ure, preparation of sedation by the nursing team and the 
presence of two operators. During the intubation period, 
recommended induction was rapid sequence induction 
using short acting hypnotics (etomidate or ketamine or 
propofol in case of hemodynamic stability), and a rapid 
onset muscle relaxant (succinylcholine or rocuronium 
in case of hyperkalaemia), with application of cricoid 
pressure (Sellick manoeuvre). After the intubation, were 
performed: verification of the tube’s position by capnog-
raphy, initiation of long-term sedation as soon as pos-
sible (to avoid agitation) and protective ventilation with 
low insufflated airway pressure [low tidal volume, initially 
low positive end-expiratory pressure (PEEP)] and low 
respiratory rate and a recruitment manoeuvre following 
intubation after hemodynamic stabilization. At any time, 
vasopressors were recommended to prevent or limit of 
severe hemodynamic collapse [24].

The type of blade (plastic or metal, size 3 or 4) for 
standard laryngoscopy was left to the operator discre-
tion [25]. The availability of equipment for management 
of a difficult airway was checked. The difficulty of intu-
bation was assessed using the Mallampati score III or IV, 
obstructive sleep Apnea syndrome, reduced mobility of 
Cervical spine, limited mouth Opening, Coma, severe 
Hypoxemia, non-Anaesthesiologist (MACOCHA) score 
[1]. During the procedure, after preoxygenation, the 
patient was ventilated in case of desaturation to less than 
90%. In case of inadequate ventilation and unsuccessful 
intubation, emergency non-invasive airway ventilation 
(supraglottic airway) was used. In cases of intubation fail-
ure, the intubation algorithm of each unit was followed.

A trained nurse or physician who was not involved 
in the performance of the procedure collected data for 
periprocedural outcomes, including first-attempt intuba-
tion success and complications related to tracheal intuba-
tion during the interval between induction and 1 h after 
tracheal intubation. Immediately after each tracheal intu-
bation, the operator reported the subjective difficulty of 
tracheal intubation, traumatic injuries during the proce-
dure and the level of operator experience. Trial personnel 
collected data related to baseline characteristics, man-
agement before and after laryngoscopy and clinical out-
comes from the medical record.

Outcomes
The primary outcome was the proportion of patients 
with first-attempt intubation success [7–9]. The pre-
specified secondary outcome was the proportion of 
patients who presented at least one of the following 
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complications related to tracheal intubation [1, 24, 26] 
within the hour following tracheal intubation. Compli-
cations were defined as severe hypoxemia (decrease in 
oxygen saturation as measured by pulse oximetry < 80% 
during intubation attempts), severe collapse (defined as 
systolic blood pressure less than 65 mm Hg recorded at 
least one time or less than 90 mm Hg that lasted 30 min 
despite 500–1000 ml of fluid loading (crystalloids or col-
loids solutions) or requiring introduction of vasoactive 
support), cardiac arrest, death, operator-assessed difficult 
intubation, oesophageal intubation, operator-reported 
aspiration, arrhythmia (supraventricular or ventricular 
arrhythmia with a pulse rhythm that required therapy), 
agitation [24, 26].

The main safety outcomes were the serious adverse 
events evaluated by the proportion of patients with 
traumatic injuries related to the tracheal intubation: 
mucosal bleeding, laryngeal, tracheal, mediastinal or 
oesophageal injuries [7, 17] and the lowest peripheral 
oxygen saturation, highest fraction of inspired oxygen, 
highest PEEP in the time period of 6–24 h post-intuba-
tion [10].

The exploratory clinical outcomes were as follows: 
severe hypoxemia, severe collapse, cardiac arrest, death, 
operator-assessed difficult intubation, oesophageal intu-
bation, operator-reported aspiration, arrhythmia, agita-
tion, ICU length of stay, ICU-free days within the first 
28-days since intubation, invasive ventilator-free days 
within the first 28-days since intubation, 28-day mortality 
and 90-day mortality [10]. Additional details regarding 
trial outcomes are provided in the electronic supplemen-
tary material.

Statistical analysis
Details regarding the determination of the sample size 
have been reported previously [22]. Assuming a first-
attempt intubation success rate during tracheal intuba-
tion of 70% in the tracheal tube alone group and 80% in 
the tracheal tube + stylet group [8], and less than 10% 
missing data, we determined that the enrolment of 1040 
patients would provide a power of 95% at a two-sided 
alpha level of 0.05 to detect an absolute between-group 
difference of 10 percentage points in the first-attempt 
intubation success.

Statistical analysis was performed in a modified to-
treat population, including all the randomised patients 
except patients who withdraw their consent, patients who 
were excluded post-randomization because they were 
found not to meet the inclusion criteria or because they 
improved after randomization and were not intubated.

The baseline features of the overall population and of 
each group were described. Categorical variables were 

reported as frequencies and percentages and continuous 
variables as means with standard deviations (SDs).

First-attempt intubation success rate among patients 
in the two trial groups was compared with the use of the 
uncorrected Chi square test. Absolute difference and 
relative risk with 95% confidence interval (CI) were com-
puted. Subgroups derived from categorical variables were 
displayed as a forest plot [10] (electronic supplementary 
material). Significance was determined by the p value for 
the interaction term, with values less than 0.10 consid-
ered suggestive of a potential interaction and values less 
than 0.05 considered to confirm an interaction.

For secondary, safety and exploratory outcomes, abso-
lute differences and relative risks were reported with the 
use of point estimates and 95% CI. To adjust for multiple 
testing for the exploratory analyses (22 exploratory out-
comes, electronic supplementary material), we reported 
the false discovery rate [27].

Missing data were presented, considered as missing 
completely at random (MCAR) and not imputed, as no 
missing data were reported for the primary outcome.

All analyses were conducted with the use of SAS soft-
ware, version 9.4, or R, version 4.0.3.

Results
From October 1, 2019, to March 17, 2020, of the 1626 
screened patients who met the inclusion criteria, 999 
(61.4%) met no exclusion criteria and were enrolled in 
the modified intention-to-treat analysis (Fig. 1). A total of 
501 patients were assigned to receive tracheal tube + sty-
let, and 498 were assigned to receive tracheal tube alone. 
There was no protocol deviation (stylet use in the con-
trol group or no stylet use in the tracheal tube + stylet 
group) during the first-attempt intubation. Nearly 50% 
of patients had acute respiratory failure as an indication 
for tracheal intubation. Details regarding the trial sites 
are provided in Table S1 in the electronic supplementary 
material. Characteristics of the patients at baseline are 
presented in Table 1 and in Table S2 and Table S3 in the 
electronic supplementary material. Drugs, characteristics 
of fluid loading and vasopressors, characteristics of the 
tracheal intubation and material used for tracheal intu-
bation are presented in Table S4 through Table S8 in the 
electronic supplementary material.

A total of 392 patients (78.2%) in the tracheal 
tube + stylet group had first-attempt intubation success, 
as compared with 356 (71.5%) in the tracheal tube alone 
group (absolute risk difference, 6.7; 95% CI 1.4–12.1; 
relative risk, 1.10; 95% CI 1.02–1.18; P = 0.01; Fig. 2). In 
prespecified subgroup analyses, none of the prespecified 
characteristics, including indication for tracheal intuba-
tion and neuromuscular blocker use, appeared to modify 
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Fig. 1 Flowchart of patients enrolled in the Styleto Trial. From October 1, 2019, to March 17, 2020, of the 1626 screened patients who met the inclu‑
sion criteria, 999 (61.4%) met no exclusion criteria and were enrolled
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the effect of tracheal tube + stylet on the first-attempt 
intubation success rate (Fig. 3).

The number needed to treat with Stylet to prevent one 
intubation failure was 14.8 (95% CI 8.3–71.7).

A total of 194 patients (38.7%) in the tracheal 
tube + stylet group had at least one complication related 
to tracheal intubation, as compared with 200 patients 
(40.2%) in the tracheal tube alone group (absolute risk 
difference, − 1.5; 95%CI − 7.5 to 4.6; relative risk, 0.96; 
95% CI 0.83–1.12; P = 0.64) (Table 2, Fig. 2).

The tracheal tube + stylet group and the tracheal tube 
alone group did not significantly differ regarding the inci-
dence of serious adverse events (4.0% vs. 3.6%; absolute 
risk difference, 0.4; 95%CI − 2.0 to 2.8; relative risk, 1.10; 
95% CI 0.59 to 2.06. P = 0.76) (Table 2). In addition, there 
was no significant between-group difference in lowest 
peripheral oxygen saturation, higher PEEP and highest 
fraction of inspired oxygen in the 24 h after tracheal intu-
bation (Table 2), nor in the separate analysis of each com-
plication, the number of invasive ventilatory-free days 
and mortality (Table  2). Additional details on outcomes 
are provided in Table S9 in the electronic supplementary 
material.

Discussion
In this multicentre, randomised trial, performed in criti-
cally ill adults undergoing tracheal intubation, the use 
of stylet for tracheal intubation resulted in significantly 
higher first-attempt intubation success than the use of 
tracheal tube alone. The results suggest that for every fif-
teen critically ill patients undergoing tracheal intubation, 
using tracheal tube + stylet would prevent failure of first-
attempt intubation in one patient.

Airway interventions are the procedures most com-
monly associated with mortality and serious morbid-
ity in the ICU [11]. Physiological disturbances such as 
hypoxemia and hypotension [11] add to the degree of 
difficulty, shortening the safe apnea time and cogni-
tively overloading the operator. Added to this, ICU is 
not designed for airway management in the same way as 
the operating room is, creating logistical challenges to 
achieve first-attempt intubation success.

Ten to 15% of patients admitted to the ICU will undergo 
tracheal intubations [1]. A large number of tracheal intu-
bation are likely to be performed each year worldwide in 
the ICU [28]. As the most common and severe compli-
cation in patients with COVID-19 is acute hypoxemic 
respiratory failure, the current COVID-19 pandemic has 
further increased the number of patients requiring tra-
cheal intubation for invasive mechanical ventilation [2].

The stylet presents some advantages for airway man-
agement. Its cost is low, it is easily available worldwide 
and does not require experience of the operator to be 

used, contrary to other devices like a videolaryngo-
scope [14]. It has been suggested that the use of a stylet 
could increase the risk of mucosal bleeding, laryngeal, 
tracheal, mediastinal or oesophageal injuries [7, 17] 
during tracheal intubation. However, our trial reported 
that the rate of traumatic injuries was similar in the two 
groups (Table 2). Added to its low cost and to its effi-
cacy to increase first-attempt intubation success (Fig. 2) 
in all subgroups of patients (Fig.  3), the benefit ratio 
assessment is largely in favour of using a stylet when 
performing a tracheal intubation. However, subgroup 
analyses can only generate hypotheses and need to be 
confirmed by further studies [29]. Moreover, while first-
attempt intubation success was higher in the tracheal 
tube + Stylet group, no difference regarding the main 
secondary outcome, complications related to intuba-
tion, was highlighted between groups. The current trial 
was not designed to show a difference in this prespeci-
fied secondary outcome, which may explain the lack of 
difference in complications related to intubation.

It is worth noting that a large randomised controlled 
trial performed in emergency patients compared bou-
gie versus tracheal tube plus stylet [7]. The authors 
found that use of a bougie compared with an endotra-
cheal tube + stylet resulted in significantly higher 
first-attempt intubation success. However, the setting 
differed from our study, as the patients were included 
in the emergency department and not in the ICUs.

Our trial has certain strengths. The trial design 
included randomisation to balance baseline confound-
ers and the conduct of the trial at multiple centres to 
increase generalizability. Operators were not selected 
according to previous experience. It was a pragmatic 
trial, designed to set out a simple question, which gives 
evidence about the efficacy of stylet use under real-
world conditions. Moreover, rates of missing data were 
low, which contributes to a good internal validity of the 
results.

Our trial has a few limitations. First, the nature of the 
trial intervention did not allow blinding of the opera-
tors. The research staff that collected the data was pre-
sent at the time of intubation and, therefore, it is difficult 
to assume that they really achieve a "real masking" of the 
procedure, even if the research staff tried as much as pos-
sible to be blinded of the group of intubation. Since our 
trial involved only ICU patients, it is unclear whether 
these results can be generalized to patients undergo-
ing tracheal intubation in the hospital wards, emergency 
department or in a prehospital setting. Moreover, the full 
sample size was not reached because a few patients rand-
omized did not complete the trial for reasons detailed in 
Fig. 1. However, the number of patients who did not com-
plete the trial was similar between groups, as the reasons 
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Table 1 Baseline characteristics of trial patients

Data are mean (SD) or n (%) or n/N (%)
a At enrolment, data on body-mass index (the weight in kilograms divided by the square of the height in meters) were missing for 32 patients (6.4%) in the tracheal 
tube + stylet group and 29 (5.8%) in the tracheal tube alone group
b At admission in intensive care unit, data on Sequential Acute Physiologic Score (SAPS) II were missing for five patients (1.0%) in the tracheal tube + stylet group 
and six (1.2%) in the tracheal tube alone group. The SAPS II is calculated from 17 variables and has a total range from 0 to 163, with higher scores indicating greater 
severity of disease
c At admission in intensive care unit, data on Sequential Organ Failure Assessment (SOFA score) were missing for five patients (1.0%) in the tracheal tube + stylet 
group and seven (1.4%) in the tracheal tube alone group
d Before procedure denoted that patients were intubated for a procedure
e MACOCHA denotes Mallampati score III or IV, obstructive sleep Apnea syndrome, reduced mobility of Cervical spine, limited mouth Opening, severe Hypoxaemia, 
Coma, non-Anaesthesiologist. ‖ Data on lowest oxygen saturation in previous 6 h were missing for 11 patients (2.2%) in the tracheal tube + stylet group and 10 (2.0%) 
in the tracheal tube alone group
f Data on highest fraction of inspired oxygen in previous 6 h were missing for 23 patients (4.6%) in the tracheal tube + stylet group and 14 (2.8%) in the tracheal tube alone group

Characteristic Tracheal tube + stylet  
(n = 501)

Tracheal tube 
alone (n = 498)

Age, years 63 ± 15 62 ± 15

Male sex 328 (65.5) 302 (60.6)

Body‑mass  indexa 26.6 ± 6.5 26.3 ± 6

SAPS II at  admissionb 46 ± 18 47 ± 20

SOFA score at  admissionc 6.0 ± 3.6 5.9 ± 3.7

Receipt of vasopressor in previous 6 h 108 (21.6) 123 (24.7)

Receipt of fluid loading in previous 6 h 156/482 (32.4) 144/481 (29.9)

Reason for ICU admission
 Post operative 43 (8.6) 44 (8.9)

 Cardiac arrest 5 (1) 7 (1.4)

 Septic shock 75 (15) 64 (12.9)

 Cardiogenic shock 9 (1.8) 13 (2.6)

 Haemorrhagic shock 36 (7.2) 37 (7.4)

 Trauma 28 (5.6) 27 (5.4)

 Drug overdose 17 (3.4) 24 (4.8)

 Ascetic decompensation 11 (2.2) 7 (1.4)

 Acute renal failure 5 (1) 7 (1.4)

 Acute respiratory failure 172 (34.3) 170 (34.1)

 Coma 87 (17.3) 88 (17.7)

 Others 13 (2.6) 10 (2)

Reason for intubation
 Acute respiratory failure 245/499 (49.1) 233/498 (46.8)

 Shock 25/499 (5) 25/498 (5)

 Coma 122/499 (24.5) 122/498 (24.5)

 Before  procedured 101/499 (20.2) 112/498 (22.5)

 Others 6/499 (1.2) 6/498 (1.2)

MACOCHA Scoree

 0–3 (low risk of difficult intubation) 346/449 (77.1) 337/448 (75.2)

 4–7 (moderate risk of difficult intubation) 83/449 (18.5) 91/448 (20.3)

 8–12 (high risk of difficult intubation) 20/449 (4.4) 20/448 (4.5)

 Bilevel positive airway pressure in previous 6 h 98/496 (19.8) 107/491 (21.8)

 High flow nasal oxygen in previous 6 h 101/496 (20.4) 100/492 (20.3)

 Lowest oxygen saturation in previous 6 h, %‖ 92 ± 8.7 92 ± 9

 Highest fraction of inspired oxygen in previous 6 h, %f 54 ± 31 53 ± 31

 On call procedure 237 (47.3) 237 (47.6)

 Expert operator 115/492 (23) 115/489 (23.5)

Preoxygenation method
 No preoxygenation 8/494 (1.6) 3/494 (0.6)

 Bag‑mask device 217/494 (43.9) 226/494 (45.8)

 High‑flow nasal cannula 67/494 (13.6) 74/494 (15)

 Bilevel positive airway pressure 202/494 (40.9) 191/494 (38.6)

 Rapid sequence induction 478/490 (97.6) 477/490 (97.3)
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for not completing the trial. Second, the Macintosh 
laryngoscope was the device used for the first attempt 
at laryngoscopy, in line with the ICU airway manage-
ment recommendations [15, 19–21, 30]. Concerns were 
recently raised in the context of COVID-19 pandemic 
regarding the risk of transmission to healthcare workers 
using a Macintosh laryngoscope rather than a videola-
ryngoscope [3, 31–33]. However, to our knowledge, no 
evidence of increased risk of transmission using a Mac-
intosh laryngoscope in comparison with a videolaryngo-
scope was demonstrated. Moreover, contrary to the stylet 
use, there is a risk of increase of complications related to 
intubation when the videolaryngoscope device is used in 
the hands of inexperienced operators [8]. Using a stylet is 
already recommended for use with a videolaryngoscope, 
especially those with a hyperangulated blade, therefore 

making these findings potentially relevant even with vide-
olaryngoscope use, though not tested [3]. Third, no differ-
ence of first-attempt intubation success was highlighted 
in the subgroups of patients with predicted difficult intu-
bation or with obesity, probably due to the limited size 
of these subgroups (40 patients and 200 patients respec-
tively, Fig. 3), resulting in inadequate power to conclude. 
Similarly, no difference was highlighted according to 
indication for tracheal intubation suggesting that the sty-
let can be used both in patients with and without acute 
respiratory failure. The group without neuromuscular 
blocker use had a very low sample size to be able to draw 
any conclusion. Fourth, we did not report and compare 
the position of the patients, especially the position of the 
patients’ head and neck, which can significantly affect 
performance of direct laryngoscopy. The starting time 

Fig. 2 First‑attempt intubation success and Complications related to Intubation. The percentages of patients who had the primary outcome, i.e., 
first‑attempt intubation success, and the main secondary outcome, i.e., complications related to intubation are shown in each group. The T bars 
represent the upper limit of the 95% confidence intervals for the event rate
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of endotracheal intubation after use of relaxants was not 
described. However, because of the large sample size 
and the randomised design, we can speculate that these 
important potential confounding factors are balanced 
between groups. Fifth, the time taken for tracheal intuba-
tion was measured (Table S6) and there was no statistical 
difference between the two groups. Therefore, the use of 
a stylet was not associated with reduced time for tracheal 
intubation, despite a higher first-attempt intubation suc-
cess rate in the tracheal tube + stylet group.

Conclusions
In this multicentre, randomised trial involving critically 
ill adults undergoing tracheal intubation, the use of a sty-
let for tracheal intubation was safe and resulted in sig-
nificantly higher first-attempt intubation success than the 

use of a tracheal tube alone. The results of this study have 
the potential to change airway management practice in 
critically ill patients.

Data sharing
Research data and other material (eg, study protocol 
and statistical analysis plan) will be made available to 
the scientific community, immediately on publication, 
with as few restrictions as possible. All requests should 
be submitted to the corresponding author who will 
review with the other investigators for consideration. A 
data use agreement will be required before the release 
of participant data and institutional review board 
approval as appropriate.

ffiDksiRetulosbAenolA ebutlaehcarTtelytS + ebutlaehcarTpuorgbuS erence (95% CI) P Value for 
Interaction

no. of first-attempt intubation success reported
/ no. of patients (%)

SAPS II 0.65
)%9.37( 832/671)%1.97( 442/39144 <
)%7.96( 452/771)%8.77( 252/69144 ≥

Fraction of inspired oxygen level in previous 6 hr 0.31
)%7.27( 132/861)%5.67( 312/361%04 <
)%3.17( 742/671)%4.08( 172/812%04 ≥

BIPAP in previous 6 hr 0.56
)%1.17( 483/372)%4.77( 893/803oN

)%0.27( 701/77)%6.18( 89/08seY
Body-mass index 0.32

)%5.17( 683/672)%6.97( 393/313²m/gk 03 <
)%6.17( 201/37)%3.37( 501/77²m/gk 03 ≥

MACOCHA score 0.68
)%0.37( 733/642)%1.28( 643/4823-0

)%8.46( 19/95)%9.96( 38/857-4
)%0.05( 02/01)%0.55( 02/1121-8

Indication for intubation 0.94
)%8.37( 332/271)%4.08( 542/791eruliafyrotaripseretucA
)%4.96( 562/481)%4.67( 452/491noitacidnirehtO

Neuromuscular blockade 0.95
)%1.86( 152/171)%7.47( 752/291gniziralopednoN
)%3.47( 032/171)%5.18( 232/981gniziralopeD

Operator 0.58
)%3.48( 511/79)%4.09( 511/401trepxE
)%4.76( 473/252)%0.47( 773/972trepxe-noN

Operator’s prior number of tracheal intubations 0.13
)%7.85( 802/221)%7.46( 402/23103 <
)%3.08( 952/802)%7.98( 262/53203 ≥

Operator’s experience in operating room 0.32
)%4.48( 451/031)%1.19( 971/361ry2 <
)%0.56( 133/512)%4.07( 703/612ry2 ≥

Operator specialty 0.25
)%2.87( 582/322)%2.68( 382/442aisehtsenA
)%8.16( 402/621)%5.66( 902/931erac evisnetnI

Overall 392/501 (78.2%) 356/498 (71.5%)

Tracheal tube + Stylet BetterTracheal tube Alone Better

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40

Fig. 3 Subgroup Analyses of the Primary Outcome. Shown is the absolute difference risk in the first‑attempt intubation success rate between 
patients receiving tracheal tube + Stylet and those receiving tracheal tube alone in prespecified subgroups. The horizontal bars represent the 95% 
confidence intervals around the absolute difference. The number of patients in each group is shown. SAPS Simplified Acute Physiologic Score; BIPAP 
Bilevel Positive Airway Pressure; MACOCHA Mallampati score III or IV, obstructive sleep Apnea syndrome, reduced mobility of Cervical spine, limited 
mouth Opening, severe Hypoxemia, Coma, non‑Anesthesiologist



662

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s00134‑ 021‑ 06417‑y.

Author details
1 Department of Anesthesia and Intensive Care Unit, Regional University 
Hospital of Montpellier, St‑Eloi Hospital, University of Montpellier, PhyMedExp, 

INSERM U1046, CNRS UMR, 9214, Montpellier Cedex 5, France. 2 Department 
of Intensive Care, Guadeloupe University Hospital, French Caribbean, France. 
3 Department of Peri‑Operative Medicine, CHU Clermont‑Ferrand, 63000 Cler‑
mont‑Ferrand, France. 4 Department of Medical Intensive Care, CHU de 
Grenoble‑Alpes, 38000 Grenoble, France. 5 Critical Care Unit, University Teach‑
ing Hospital of Purpan, Place du Dr Baylac, 31059 Toulouse Cedex 9, France. 
6 Département de Médecine Intensive‑Réanimation, CHU d’Angers, Université 
d’Angers, 4 rue Larrey, 49933 Angers Cedex 9, France. 7 AP‑HM, Emergency 

Table 2 Primary and secondary outcomes by assigned treatment groups

Data are mean (SD) or n (%)
a The P value for the exploratory clinical outcomes, including the separate analysis of each component of the main secondary outcome, was corrected by the False 
Discovery Rate method

Characteristic Tracheal 
tube + stylet 
(n = 501)

Tracheal 
tube alone 
(n = 498)

Absolute difference  
(95% CI)

Relative risk  
(95% CI)

P value

Primary: first‑attempt intubation success 
tracheal intubation

392 (78.2) 356 (71.5) 6.7 (1.4–12.1) 1.1 (1.02–1.18) 0.01

Main secondary: complications related to 
intubation in the hour following intubation

194 (38.7) 200 (40.2) − 1.5 (− 7.5 to 4.6) 0.96 (0.83–1.12) 0.64

Severe complications 128 (25.6) 128 (25.7) − 0.2 (− 5.6 to 5.3) 0.99 (0.81–1.23) 1.00

 Severe hypoxaemia 69 (13.8) 76 (15.3) − 1.5 (− 5.9 to 2.9) 0.9 (0.67–1.22) 1.00

 Severe collapse 71 (14.2) 66 (13.3) 0.9 (− 3.4 to 5.2) 1.07 (0.78–1.46) 0.92

 Cardiac arrest 7 (1.4) 7 (1.4) 0 (− 1.5 to 1.5) 0.99 (0.35–2.81) 1.00

 Death 0 (0) 0 (0) – –

Moderate complications 101 (20.1) 121 (24.3) − 4.2 (− 9.3 to 1) 0.83 (0.66–1.05) 0.53

 Operator‑assessed difficult intubation 86 (17.2) 116 (23.3) − 6.1 (− 11.1 to − 1.2) 0.74 (0.57–0.95) 0.15

 Oesophageal intubation 10 (2) 12 (2.4) − 0.4 (− 2.2 to 1.4) 0.83 (0.36–1.9) 0.97

 Operator‑reported aspiration 13 (2.6) 5 (1) 1.6 (− 0.1 to 3.2) 2.58 (0.93–7.19) 0.33

 Arrhythmia 4 (0.8) 1 (0.2) 0.6 (− 0.3 to 1.5) 3.98 (0.45–35.4) 1.00

 Agitation 2 (0.4) 2 (0.4) 0 (− 0.8 to 0.8) 0.99 (0.14–7.02) 1.00

 Dental injury 1 (0.2) 2 (0.4) − 0.2 (− 0.9 to 0.5) 0.5 (0.05–5.46) 1.00

Traumatic injuries 20 (4) 18 (3.6) 0.4 (− 2 to 2.8) 1.1 (0.59–2.06) 0.76

 Mucosal bleeding 17 (3.4) 17 (3.4) 0 (− 2.3 to 2.2) 0.99 (0.51–1.92) 0.99

 Laryngeal injuries 2 (0.4) 2 (0.4) 0 (− 0.8 to 0.8) 0.99 (0.14–7.02) 1.00

 Tracheal injuries 0 (0) 1 (0.2) − 0.2 (− 0.6 to 0.2) – 0.50

 Mediastinal injuries 1 (0.2) 0 (0) 0.2 (− 0.2 to 0.6) – 1.00

 Oesophageal injuries 2 (0.4) 0 (0) 0.4 (− 0.2 to 1) – 0.50

Exploratory safety outcomes
 Lowest peripheral oxygen saturation, % 92.8 ± 7.4 92.9 ± 7.9 − 0.1 (− 1 to 0.9) – 0.46

 Highest fraction of inspired oxygen, % 51.5 ± 23.9 50.7 ± 24.1 0.8 (− 2.3 to 3.9) – 0.47

 Highest positive end‑expiratory pressure, % 7.9 ± 3.3 7.8 ± 3.3 0.1 (− 0.3 to 0.6) – 0.69

Number of laryngoscopy attempts – – 0.22

 1 392 (78.2) 356 (71.5)

 2 89 (17.8) 130 (26.1)

 3 18 (3.6) 11 (2.2)

 4 1 (0.2) 1 (0.2)

 5 1 (0.2) 0 (0)

Exploratory clinical outcomesa

 ICU length of stay, days 9.7 ± 8.6 10 ± 8.9 − 0.3 (− 1.4 to 0.8) – 1.00

 ICU‑free days, days 12 ± 10.7 12.1 ± 10.8 − 0.1 (− 1.5 to 1.2) – 0.96

 Invasive ventilator‑free days, days 14.5 ± 11.1 14.4 ± 11.3 0.1 (− 1.3 to 1.5) – 1.00

 28‑day mortality 158 (31.5) 150 (30.1) 1.6 (− 4.1 to 7.4) 1.05 (0.87–1.26) 0.99

 90‑day mortality 180 (35.9) 188 (37.8) − 1.6 (− 7.6 to 4.4) 0.95 (0.81–1.12) 1.00
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